Heteronuclear scalar couplings lead to complicated multi-supercycles (3, 12). In this Communication, we demonstrate experimentally that extremely large bandwidths can be deplet structures and extensive line broadening in high-resolution NMR spectra, unless they are decoupled by using suit-coupled very effectively with the CHIRP-95 decoupling scheme, using a modest decoupling amplitude. able radiofrequency irradiation schemes. As higher and higher static magnetic fields are becoming available, a trend First, a chirp pulse was generated by sweeping the carrier frequency in linear fashion over a bandwidth Dn sweep Å 220 which is largely fueled by the quest for better dispersion and improved sensitivity that are both crucial to biomolecu-kHz from 0110 to /110 kHz in 1.2 ms, using a constant RF amplitude. In practice, this can be achieved by programlar NMR, the bandwidth that must be covered for decoupling steadily increases. The demands are particularly severe for ming the phase w Å ͐ v(t)dt in digital form as a function of time, using 1024 points with time increments of 1.17 ms. inverse detection methods, which have become ubiquitous in biomolecular NMR, and which require spins such as car-This chirp inversion element was then combined with a fivestep cycle where the initial phase was stepped through 0Њ, bon-13 to be decoupled while the protons are observed. Typically, in an NMR spectrometer equipped with a 23.5 T mag-150Њ, 60Њ, 150Њ, and 0Њ (12). The resulting fivefold inversion was then repeated 16 times using an MLEV-16 supercycle net (1000 MHz proton resonance frequency), a bandwidth of only 10 kHz is sufficient for decoupling proton spectra of 10 ppm width typical of diamagnetic molecules, while bandwidths of 50, 94, and 200 kHz are required for decoupling carbon-13, fluorine-19, and phosphorus-31 spectra, which typically extend over 200, 100, and 500 ppm respectively.
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Most modern decoupling methods rely on a combination of composite inversion pulses, R, with phase cycles and supercycles proposed by Levitt and Freeman (1) and by Waugh (2). Much progress has been made by improving the inherent bandwidth of the inversion elements R and the prescriptions for cycles and supercycles. MLEV (1, 3) , WALTZ (4), and GARP (5) sequences use composite pulses with a constant carrier frequency. Fujiwara et al. for broadband decoupling (10) where inversion is achieved constant decoupling amplitude n RF Å 6.7 kHz was used in all experiments. adiabatically by a simple chirp pulse with linear frequency The ratio of the effective decoupling bandwidth over the decoupling amplitude was Dn eff /n RF Å 30.1. The spectra were recorded at 7 T (300 MHz modulation (11), used in combination with phase cycles and for protons) with a Bruker DMX spectrometer. For each experiment, the spectral width plotted was 500 Hz, so that residual splittings and modulation sidebands can be seen. The linewidth at half-height was 1.1 Hz, after 0.5 † Also a member of the Department of Chemistry, Florida State University, Tallahassee, FL 32306.
Hz exponential broadening. 
